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Studies of the pollination ecology of the South African cycad, Encephalartos friderici-guilielmi Lehm, were carried out to determine the role
played by insects and to identify the key pollinators. Surveys of insects on the male and female cones at the time of pollination indicated that three
beetle species were present in sufficient numbers during pollination to be potential pollinators, i.e. an undescribed Erotylidae sp. (Cucujoidea),
Metacucujus encephalarti (Cucujoidea), and Porthetes hispidus (Curculionidae). Pollen laden specimens of all three species were found on female
cones with mean pollen loads ranging between 391 and 1019 pollen grains per beetle. In behavioural experiments, individuals of P. hispidus and
M. encephalarti deposited fluorescent dye on the micropyles of receptive ovules. Enclosure of pollen laden specimens of P. hispidus,
M. encephalarti, or Erotylidae sp. nov. on female cones resulted in seed set that was statistically similar to open controls and significantly higher
than insect exclusion treatments. These data support the conclusion that E. friderici-guilielmi is insect pollinated and provide further evidence for
the role of cucujoid (Erotylidae, Boganiidae) and curculionoid (Porthetes) beetles in the pollination of Encephalartos spp.
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Early observations made on African cycads suggested that
insects played an important role in cycad pollination (Pearson,
1906; Rattray, 1913; Marloth, 1914). These early observations
were disregarded after the influential publication of Chamberlain
(1935) who concluded that insects were not important and that all
cycads were wind pollinated. However, subsequent experimental
studies have confirmed that entomophily occurs in at least three
African cycad taxa (Donaldson et al., 1995; Donaldson, 1997;
Proches and Johnson, 2009) and iswidespread in cycads fromother
regions (Norstog et al., 1986; Tang, 1987; Norstog and Fawcett,
1989; Chadwick, 1993; Terry, 2001; Wilson, 2002; Hall et al.,⁎ Corresponding author. Tel.: +27 21 799 8718; fax: +27 21 797 6903.
Fax2email: 0865207016.
E-mail address: Suinyuy@sanbi.org (T.N. Suinyuy).
0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2009.08.0052004). Some authors argue that entomophily originated early in the
evolution of cycads and is probably ubiquitous in modern cycads
(Norstog and Nicholls, 1997; Stevenson et al., 1998).
Beetles (Coleoptera) have been identified as the most
common pollinators of cycads (Oberprieler, 2004) and most
of the pollinator species belong to the superfamilies Curculio-
noidea and Cucujoidea (Oberprieler, 1995). However, phylo-
genetic studies of these groups indicate that the beetle families
associated with cycads on different continents are not closely
related (Oberprieler, 1995; Leschen, 2003) and that these
cycad–insect interactions have evolved independently on the
different continents. Comparative studies of cycads on different
continents are required to determine the nature of these
pollination systems and to understand how pollinator mutual-
isms have evolved and diversified.
Studies within the African genus Encephalartos are
particularly interesting because this genus has a high species
richness of insects associated with cones and includes severalts reserved.
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son, 1997, 1999). A role for insects in the pollination of two
Encephalartos species has been confirmed by experimental
studies (Donaldson et al., 1995; Donaldson, 1997). However, it
is not clear whether the high levels of insect species richness on
Encephalartos is due to co-speciation between cycads and their
pollinators (Downie et al., 2008). This type of analysis is not
possible without a better understanding of the pollination
biology of more species of Encephalartos.
An additional reason for studies of cycad pollination is that
cycads are among themost threatened groups of plants worldwide
(Donaldson, 2003) and the management of cycad populations
requires information on pollination ecology. The absence of
fertile seeds in some cycad species has been interpreted to be a
result of pollinator extinctions (Vovides et al., 1997), but in many
cases pollinators still need to be identified in order to plan
effective conservation programmes (Terry, 2001).
In this study, we investigated the pollination biology of
Encephalartos friderici-guilielmi Lehm. This species belongs to
a clade of morphologically similar species that has been
consistently identified in several phylogenetic studies of Ence-
phalartos and comprises E. cycadifolius, E. friderici-guilielmi,
E. ghellinckii, E. humilis, E. laevifolius, and E. lanatus (e.g.
Treutlein et al., 2005). Within this species complex, there is
considerable variation in the number and composition of insect
species (mostly beetles) associated with the male and female
cones (Donaldson, 1997; Oberprieler, 2004) and that may be
involved in pollination. Studies of E. cycadifolius showed that
two species of cucujoid beetles (Coleoptera: Cucujoidea), an
undescribed Erotylidae sp. and Metacucujus encephalarti
Endrödy-Younga (Boganiidae), were the main pollinators
(Donaldson et al., 1995), whereas Endrödy-Younga (1991)
concluded that Metacucujus beetles were not involved in the
pollination of E. lanatus even though they were present on
cones. Studies of E. friderici-guilielmi will provide additional
insights into pollination systems in this clade because, in
addition to cucujoid beetles, this species also has several weevil
species associated with the cones. The weevils tend to be more
species specific than other beetles and one weevil species in the
genus Porthetes has been identified as a pollinator of other
Encephalartos species (Donaldson, 1997).
Pollination experiments were conducted on E. friderici-
guilielmi to determine whether insects are involved in pollination
and to identify the most important pollinators.
2. Materials and methods
2.1. Study species and site
Encephalartos friderici-guilielmi is endemic to South Africa
and occurs in grasslands of the Eastern Cape and KwaZulu-
Natal provinces. The summers are hot while, in winter, snow
and frost are common. Rainfall ranges from 375 to 500 mm per
year with maximum in summer (Jones, 2002). The population
size is estimated to comprise between 5000 and 10,000 mature
individuals and the species is classified as Near Threatened
according to IUCN criteria (Donaldson, 2003). Studies onE. friderici-guilielmi were conducted sporadically between
1989 and 2000 and intensively from September 2008 to March
2009 in a population situated south west of Cathcart in the
Eastern Cape Province of South Africa.
2.2. Study system
Encephalartos friderici-guilielmi is a medium-size to large
cycad with an erect or sprawling trunk up to 4 m tall (Fig. 1a
and b). It generates new stems from basal suckers and mature
plants may have as many as eight stems. Both male and female
plants produce between one and eight dense woolly cones per
stem. Male cones range from 20–40 cm in height while the
female cones range from 20–35 cm in height and 15–25 cm in
diameter. When male cones shed pollen, the cone extends and
the sporophylls become separated so that pollen is freely
dispersed from the cone.
Mast seeding is a common phenomenon in cycads and
occurs in E. friderici-guilielmi populations (Donaldson, 1993).
Initial studies were carried out during periods of intermittent
coning between 1991 and 2000 and during a mass coning event
in 2008 when a large proportion of the plants produced cones.
The last mass coning event was ca. 15 years ago (N. McMaster
pers. comm.) but a few plants have produced cones in the
interval between mass coning years.
2.3. Insect visitors to E. friderici-guilielmi cones
To determine which insects visited E. friderici-guilielmi, both
male and female cones were sampled at three stages of
development, i.e. pre-dehiscent, dehiscent, and post dehiscent
for male cones and pre-pollen receptive, receptive, and post
receptive stages for female cones. Samplingwas undertaken in the
morning (07:00–11:00), afternoon (13:30–15:30), and evening
(18:00–20:30). At the same times, the behaviour and movement
of the insects was monitored onwild plants. Cones were dissected
and all the insect species present in the cones were recorded.
2.4. Pollen loads and the ability of different insects to deposit
pollen onto the micropyle
Based on the survey of insects and insect behaviour, three
species were identified for further pollination studies, i.e.
Porthetes hispidus (Boheman) (Coleoptera: Curculionidae),
Metacucujus encephalarti (Coleoptera: Boganiidae), and an
undescribed species of Erotylidae (Coleoptera: Cucujoidea)
(Fig. 1c,d and f). To determine pollen loads, individual insects
of all three species were collected in the field as they were
foraging, arriving, and leaving male and female cones. The
insects were stored in 2 mL Eppendorf tubes containing xylene
and Kaiser glycerol gelatin (Merck, Germany). Pollen was
washed from the insect bodies and counted using the method of
MacGillivray (1987). Pollen loads were measured in 24, 39, and
56 specimens of P. hispidus,M. encephalarti, and Erotylidae sp
nov. respectively.
The ability of pollinators to transfer pollen to the micropyle
was tested using the method of Donaldson et al. (1995). Pollen
Fig. 1. (a–f) Male Encephalartos friderici-guilielmi with cones at pollen shed. (b) Female Encephalartos friderici-guilielmi with cones at pollen receptive stage.
(c) Porthetes hispidus. (d) Metacucujus encephalarti. (e) Head of an undescribed Erotylid beetle. (f) An undescribed Erotylidae sp. nov. showing smooth and
ungrooved elytra. Scale bars=500 µm.
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dusted with orange fluorescent dye (Day-Glo color Corp. —
Cleveland, OH, USA) were released into the enclosures. The
cones were collected after 48 h and dissected under ultra violet
light. The pattern of insect movement within the cone could be
discerned from the trail of the visible dye. The presence of dye on
themicropyle could also be detected so that the number of ovules
visited by the insect could be calculated. Insect abundance in
cones varied depending on the species and time of day, so
the dye treatments were repeated with different numbers of
insects: Erotylidae sp. nov— 15, 25, or 30 individuals per cone;
M. encephalarti — 25, 35, or 50 individuals per cone; and
P. hispidus — 10, 15 or 25 individuals per cone. There were
three replicates for each abundance class and a total of nine
replicates for each insect species.
2.5. Enclosure and exclosure experiments
To determine whether insects are necessary for pollination
and to identify insect pollinators, female cones were coveredwith calico cloth bags that were used to either exclude all insect
pollinators or to enclose specific pollinators that were released
onto female cones using the methods of Donaldson et al. (1995),
Donaldson (1997) and Terry et al. (2005). Female cones were
covered with calico cloth bags before the cone was receptive for
pollination. The bags were secured at the base of the cone and,
because E. friderici-guilielmi cones don't have a peduncle, the
area around the base of the cone was coated with a sticky insect
barrier (Formex® Ciba Geigy South Africa) to prevent insects
from crawling into the bag. The calico cloth was able to act as a
barrier to insect movement and wind-borne pollen.
For enclosure experiments, the bagged cones were moni-
tored until they reached pollen reception stage, when potential
pollinators were introduced into the enclosed cones. Specimens
of either Erotylidae sp. nov., M. encephalarti, or P. hispidus
were collected from pollen shedding male cones and released
into the mesh bags enclosing the female cone. There were 10
replicates for each beetle species. To determine whether there
was a saturation point for pollinating all the ovules, different
numbers of insects were introduced into the cones: Erotylidae
Table 1
Mean (±s.e) number of insects of different species collected from male cones of
E. friderici-guilielmi at the pollen dehiscent stage.
Insect species No. of cones No. of insects per cone
Erotylidae sp. 10 202.2±19.87
Metacucujus encephalarti 8 207.8±32.97
Porthetes hispidus 8 56.5±6.97
Amorphocerus rufipes 10 27.8±2.97
Platymerus sp 10 194.9±18.58
Scarabidae spp 9 16.3±1.30
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P. hispidus — 10, 15, or 20, beetles per cone. Insects were
excluded from a total of 13 cones (in three coning events) and
14 open cones were used as natural controls. The bags were left
on the cones for the whole reproduction period and removed
five months later when the seeds were mature and ready for
collection to determine if pollination was successful. The
relationships between the number of beetles added to cones and
seed set was determined using regression. Both linear and non-
linear curves were fitted to data and the curve that explained the
highest percentage of variance was selected.
The success of pollination was determined using a flotation
method. All seeds were placed in a water bath and the fertile
seeds sank to the bottom of the water bath while the infertile
ovules floated. The accuracy of the method was confirmed by
dissecting a sample of 40% of the seeds to detect the presence of
an embryo.
3. Results
3.1. Insect visitors to E. friderici-guilielmi cones
No insects were found in pre-dehiscent male cones although
Erotylidae sp. nov. were found in the woolly tomentum in the
crown of the plant (at the base of the cone). Six species of
insects (all Coleoptera) were present in male cones during
dehiscence, namely Amorphocerus rufipes (Boheman) (Curcu-
lionidae), Erotylidae sp. nov., M. encephalarti, Platymerus spp
(Brentidae), Porthetes hispidus, and an unidentified species of
Scarabaeidae (Table 1). Larvae of Erotylidae sp. nov.,
M. encephalarti, and P. hispidus were present in the micro-
sporophylls. After dehiscence, the male cone dried out rapidly,
but adults of all six insect species were present in the conesTable 2
Mean (±s.e) number of ovules per cone and mean (±s.e) percentage of ovules per co
onto the cones.
Insect species No. of insects per cone
Porthetes hispidus 10
Porthetes hispidus 15
Porthetes hispidus 25
Metacucujus encephalarti 25
Metacucujus encephalarti 35
Metacucujus encephalarti 50
The data are presented for different numbers of Porthetes hispidus andMetacucujus
differences were recorded between treatments (ANOVA5,12=3.51; pb0.05).together with unidentified species of ants, pyralid moth larvae,
cockroaches, and spiders that were associated with the decaying
cones. The next generations of adult beetles of species
associated with dehiscent cones were also emerging from the
cones at this stage. In observations of insect activity, P. hispidus
was observed on the outside of male cones between 12:00 and
17:00, whereas Erotylidae sp. nov. and M. encephalarti were
active in the evening (19:00–20:30).
Sampling of female cones showed that, prior to the pollen
receptive stage, the only insects present on the cones were
Platymerus sp., all moving over the cone surface. As the cones
matured and become receptive, they were inhabited by all six
species of insects in low numbers. The Platymerus sp; which
occurred in high numbers, persisted in the cone up to the post
pollen receptive stage. At post pollen receptive stage, all six
insect species were present as well as other inhabitants such as
scarabaeidae, ants and cockroaches. Porthetes hispidus was
active during the day while Erotylidae andM. encephalartiwere
active in the evening, similar patterns to those observed on male
cones.
3.2. Pollen loads and pollen delivery to the micropyles of the
ovule
Beetles collected from the male cones at the pollen dehiscent
stage were completely covered with pollen. Pollen loads
(x ̄±1S.E) of P. hispidus leaving male cones were 1356.89±
427.74 grains per weevil (n=18) and individuals that were
foraging or arriving on female cones had pollen loads of 1019.50±
277.66 grains, (n=6). Erotylidae sp. nov carried less pollen than
P. hispidus when collected from either male cones (x ̄=662.98±
145.47 grains per beetle, n=43) or female cones (x ̄=491.00±
293.76 grains per beetle, n =13). Pollen loads ofM. encephalarti
from male cones (x ̄=2183.11±866.16 grains per beetle; n=27)
were substantially greater than loads from specimens on female
cones (x ̄=391.17±321.22 grains per beetle; n=12). The
difference in pollen loads of M. encephalarti between male and
female cones was statistically significant (ANOVA, Duncan test,
pb0.05) and indicates that M. encephalarti loses more pollen
when flying between cones than doesP. hispidus or Erotylidae sp.
nov. ForP. hispidus and Erotylidae sp. nov., there was a slight loss
of pollen but this was not statistically significant (pN0.05).
When specimens of Erotylidae sp. nov.,M. encephalarti, and
P. hispidus were dusted with fluorescent dye, traces of dye werene with fluorescent dye deposited on micropyles by two beetle species released
Ovules per cone % Ovules with dye per cone
142.33±9.60 46.18±5.76
170.67±7.69 34.91±1.49
186.33±15.86 36.52±4.45
160.00±7.94 42.04±7.88
202.67±18.94 18.04±3.63
190.33±13.96 32.47±5.51
encephalarti released onto the cones at the pollen receptive stage. No significant
Table 3
Mean (±s.e) number of ovules per cone, and percentage of fertile seeds obtained from treatments in which cones were covered with mesh bag to either enclose one of
three species of potential insect pollinators Erotylidae sp. nov; Metacucujus encephalarti; Porthetes hispidus or to exclude all insects.
Treatment No. of cones No. of ovules per cone % Fertile seeds per cone Homogenous groups
Erotylidae 10 233.5±11.10 57.7±5.6 a
Metacucujus encephalarti 10 181.7±8.3 41.9±8.7 a
Porthetes hispidus 10 172.2±9.3 44.8±5.1 a
Exclude all insects 13 125.0±12.3 4.7±1.3 b
Open control 14 210.8±8.2 49.3±6.6 a
Open controls were not bagged. ANOVA showed a significant difference between treatments in the percentage of ovules that developed into fertile seeds. F4.51=13.2;
pb 0.001. Pairwise comparison showed a difference between insect exclusion and all other treatments (Duncan test).
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on the outside of the cone before crawling between the
megasporophylls. Dye deposits left by the beetles showed that
M. encephalarti and P. hispidus appeared to move freely within
the cone as dye trails were detected along the cone axis and
passing the micropyles of the ovules. Erotylid beetles did not
appear to enter the cones but traces of dye were detected between
the megasporophylls indicating that they attempted entering the
cones. They might have not entered the cone either because it
was not completely open. The mean (±s.e) number of ovules
with dye deposits left by P. hispidus was 62.00±2.90 per cone
(n=9), slightly higher than those of M. encephalarti (54.44±
6.15 per cone, n=9). There was no significant difference
between treatments of ovules dusted with dye when different
numbers of individual insects were released onto the female
cones (ANOVA F5,12=3.51; pb0.05) (Table 2).
3.3. Enclosure experiments
The results show that all three insect species tested were
capable of pollinating E. friderici-guilielmi (Table 3). In all the
insect enclosure treatments, cones contained a relatively high
mean percentage of fertile seeds (41–57%) that was comparable
to mean seed set in open cones (49.2%), but was significantly
higher than mean seed set in insect exclusion treatments (4.7%)
(Single factor ANOVA, F4, 52=13.3, pb0.01).
Where different numbers of insects were released onto
female cones, there was a trend towards higher seed set when
more P. hispidus beetles were added and reduced seed set whenFig. 2. Correlation between number of beetles per cone and percent seed set for
three beetle species found on female cones of E. friderici-guilielmi. The
correlation coefficient (R2) is given for each data set.more individuals of M. encephalarti and Erotylidae sp. nov.
were added (Fig. 2). Even at relatively low numbers of 10
individuals per cone, pollination by P. hispidus resulted in a
mean (±s.e.) of 37.0±0.13% fertile seeds but this increased to a
mean of 70.0±12.34% when 20 individuals were released onto
the cone (Fig. 2). In the case of M. encephalarti and Erotylidae
sp. nov, the highest levels of seed set were obtained when 25
individuals were released onto the cone (x ̄=60±10.03% for
M. encephalarti; 70±4.21% for Erotylidae sp. nov.). Pollination
success dropped off dramatically when the numbers of insects
released onto cones increased to 40 insects (x ̄=3.29±3.29% for
M. encephalarti; 41±1.66% for Erotylidae sp. nov.).
4. Discussion
The results from this study show that insects were active on
male and female cones at the time of pollination. Behavioural
studies, using fluorescent dyes, showed that that at least two beetle
species, P. hispidus and M. encephalarti, were capable of
transferring pollen to the micropyles of receptive ovules. The
results of the enclosure and exclosure experiments also showed
that levels of seed set were considerably higher when insects were
present and that enclosure of Erotylidae sp. nov., P. hispidus and
M. encephalarti resulted in levels of seed set that were similar to
natural levels. In contrast, exclusion of insects resulted in
extremely low levels of seed set. Our results therefore confirm
thatE. friderici-guilielmi is entomophilous and that the pollinators
include the weevil P. hispidus (Curculionidae), the Erotylidae sp.
nov. (Cucujoidea) and M. encephalarti (Boganiidae).
We did not specifically test wind pollination in this study, as
there is no simple experimental treatment to exclude small
insects from the female cone while allowing wind borne pollen
to reach the cone. However, the bags we used in our experiments
to enclose potential pollinators were fine enough to also exclude
wind-borne pollen. From the results, it can be concluded that
wind is not essential for pollination. Partial pollination by wind
has been mentioned in several cycad studies (Rattray, 1913;
Niklas and Norstog, 1984; Norstog et al., 1986). The occurrence
of some seed set when insects and wind were excluded from
E. friderici-guilielmi cones (Table 3) is similar to observations in
other studies of cycad pollination (e.g. Norstog et al., 1986;
Tang, 1987; Donaldson et al., 1995; Donaldson, 1997; Proches
and Johnson, 2009) where the cause has been ascribed either to a
real but small contribution by wind borne pollen or an artifact of
the experimental design. The main problem is that exclusion
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burrow under the bag to reach the cone.
We discuss these results in the context of a growing body of
knowledge on cycad pollination.
4.1. Insect pollination in Encephalartos
The confirmation of insect pollination inE. friderici-guilielmi
means that three species of Encephalartos have been shown to
be entomophilous. In the case of E. cycadifolius, the pollinators
were identified as M. encephalarti and Erotylidae sp. nov.
(Donaldson et al., 1995), although it is not knownwhether this is
the same erotylid species as the one on E. friderici-guilielmi.
These two Erotylidae species remain unidentified. However,
because their host plants have similar cone structures, including
a dense woolly tomentum, they might have similar behaviours.
For E. villosus, the pollinators were identified as Porthetes sp.,
Metacucujus goodei Endrödy-Younga, and Erotylidae sp. nov.
(Donaldson, 1997), in which all the species were different to
those recorded from E. friderici-guilielmi. These results indicate
that species ofMetacucujus and Erotylidae are pollinators of all
the entomophilous species of Encephalartos that have been
studied so far. Species ofPorthetes are also important pollinators
but they do not occur on all Encephalartos spp. The implication
is that there may be at least two different cycad pollination
systems within Encephalartos, one involving only cucujoid
beetles (Boganiidae and Erotylidae) and a second that involves
cucujoid beetles and Porthetes.
The further confirmation of the role of cucujoid beetles in
pollination of Encephalartos species raises questions about
earlier studies in which these taxa were discounted as possible
pollinators of E. lanatus and E. transvenosus (Endrödy-
Younga, 1991). It also raises questions about the possible role
of cucujoid beetles in the pollination of many Encephalartos
species in the northern part of South Africa and in eastern and
central Africa where Porthetes appears to be absent from many
populations (Donaldson, 1999).
It is not clear from this study whether any of the pollinator
species is more important than any of the others. Erotylidae sp.
nov, M. encephalarti, and P. hispidus differed in their
abundance in male and female cones and their ability to carry
pollen The difference in pollen load between species was not
surprising because of differences in size and body structure.
Porthetes hispidus has grooved elytrae and setae covering the
body (Fig. 1c), which would facilitate pollen retention, while
Erotylidae sp. nov has smooth elytrae with no setae (Fig. 1f), and
only carried pollen on the legs and tarsi as has been recorded in
similar studies (Donaldson, 1997). Metacucujus spp also have
elytra covered with fine setae (Endrödy-Younga, 1991) which
might help trap pollen (Fig. 1d). There is no clear reason why
M. encephalarti retained less pollen when moving from male to
female cones but the setae lie flat against the elytrae and may
therefore provide less structural protection for trapped pollen
when the beetle is in flight.
Our results showed that greater numbers of Porthetes
resulted in higher seed set whereas seed set was greatest with
intermediate numbers of Erotylidae sp. nov. and M. encepha-larti. This could be due to differences in feeding behaviour.
Larvae of Porthetes (Curculionidae) develop and feed within
the sporophylls of the male cones and the adults have snouts for
boring into sporophyll tissue. They do not appear to feed on
pollen (Donaldson, 1997). In contrast, members of the
Cucujoidea (Erotylidae and Boganiidae) have chewing and
biting mouth structures (Labandeira, 2000) and both adults and
larvae may feed on pollen (Leschen, 1997; Chavez and Genaro,
2005). This suggests that when Erotylidae sp. nov. and M.
encephalarti occur in large numbers, their feeding habits may
lead to a reduction of pollen on the female cone.
All of the potential pollinators studied here were found in
male cones at the post dehiscent stage and larvae were observed
in the cones, indicating that male cones are used as brood sites.
This is similar to other pollinator–cycad mutualisms where
pollinators mate and lay eggs on the microsporophylls (Norstog
et al., 1986; Tang, 1987; Norstog and Fawcett, 1989; Donaldson,
1997; Terry et al., 2005; Wilson, 2002; Hall et al., 2004). The
role of Platymerus spp., which were found as adults on male
cones and which occur on the megasporophylls of the female
cones of E. friderici-guilielmi (Oberprieler, 1995), was not
resolved in this study and their role in pollen transfer and
deposition is currently uncertain. It is also not known to what
extent plant chemistry affects the behaviour of the different
insects. Cycad cone tissues typically contain methylazoxy-
methanol (MAM) glycosides (e.g. cycasin, neocycasin, and
macrozamin), which are common in cycads (Moretti et al.,
1983). Studies of other cycads have shown that exposure of
insects to MAM glycosides may vary in male and female cone
tissues because the MAM glycosides are contained in idioblast
cells in male microsporophylls but occur freely in female
megasporophylls (Norstog et al., 1992; Vovides et al., 1993).
The implication that insects do not feed on female cone tissues as
a result of the greater exposure to MAM glycosides has yet to be
tested in the species of Encephalartos where there are several
insect species (Platymerus spp. and Amorphocerus spp) that
feed on megasporophyll tissues.
In summary, the results of this study form part of a growing
body of evidence for insect pollination in cycads. These cycad–
insect mutualisms are important for the long term viability of
cycad populations but may be especially vulnerable because
cycads typically provide larval brood sites for their pollinators.Acknowledgements
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